INTRODUCTION
Mungbean is an important pulse crop grown worldwide. Mungbean yellow mosaic virus is a destructive virus that causes severe yield losses of mungbean crops. Mungbean yellow mosaic virus belongs to family Geminiviridae and genus Begomovirus (Bos, 1999) . Mungbean yellow mosaic virus disease (MYMVD) also infects other legume crops, including urdbean, soybean, and cowpea (Dhingra and Chenulu, 1985; Qazi et al., 2007) . This disease causes severe destruction of legume crops in Pakistan, Srilanka, India, and Bangladesh (Bakar, 1981; Malik, 1991; Biswass et al., 2008; John et al., 2008) . MYMVD causes more than US$300 million loss every year in different leguminous crops (Varma et al., 1992) . Legume crops are severely affected by different viral diseases (Binyamin et al., 2011b) . Screening of mungbean for MYMVD to identify a resistance source under natural field conditions has been reported in different studies (Bashir and Zubair, 2002; Shad et al., 2006; Pandiyon et al., 2007) .
Epidemics caused by MYMVD have been attributed to their frequent recombination and transmission caused by Bemisia tabaci. Management of MYMVD is often linked with control of the B. tabaci population, which is sometimes ineffective because of high population pressure. Therefore, the most economical, efficient, and environmentally friendly method for managing this disease is host resistance (Binyamin et al., 2011a) . Molecular markers have been applied in studies of various traits that are time saving and more authentic then field-screening results. Several previous studies have reported that resistance in mungbean to MYMVD is conferred by a single recessive gene (Singh and Patel, 1977; Thakur et al., 1977; Reddy and Singh, 1995; Basak et al., 2004) . In mungbean, sequence characterized amplified region (SCAR) markers are reportedly linked with MYMVD-resistance gene. Souframanien and Gopalakrishna (2006) reported an SCAR marker linked with the resistance gene against MYMVD in blackgram. In earlier studies, randomly amplified polymorphic DNA was used to identify the mungbean yellow mosaic virus-resistance gene in mungbean germplasm, either directly or after conversion into SCAR markers (Selvi et al., 2006; Chen et al., 2007) and in a number of other crops such as blackgram (Souframanien and Gopalakrishna, 2006) , soybean (Zheng et al., 2003) , and common beans (Alzate-Marin et al., 1999) . Molecular markers linked with resistance genes have been reported for different viral diseases (Urrea et al., 1996; Marczewski et al., 2001; Zheng et al., 2003; Gao et al., 2004) . Some genotypes were resistant, while some were found to be tolerant or susceptible at another location. This might be due to break down of host-resistance mutation of the pathogen or both; therefore, there is a strong need for regular, careful and thorough screening of mungbean germplasm for identification of resistant source. After resistance source identification and molecular markers associated with resistance gene there would be rapid increase in selection authenticity and efficiency. A reasonable method for controlling viral diseases is the use of resistant crop varieties. Studies have been examined to evaluate mungbean accessions against MYMVD to identify resistant sources under natural field conditions.
MATERIAL AND METHODS

Plant material
A total of 127 mungbean genotypes were screened against MYMVD for 2 years, 2012 and 2013. Of these, 15 mungbean genotypes were selected based on their resistance, tolerance and susceptible response in the field against MYMVD. Field-screening results were validated using 2 SCAR markers linked with MYMVD as previously reported in mungbean and blackgram. Seeds of mungbean genotypes were sown in pots (Table 1) . Fresh leaf samples (8-10) from potted mungbean plants were collected 1 week after germination and DNA from these samples was immediately extracted following a CTAB method, with certain modifications (Doyle and Doyle, 1990 
DNA extraction
A preheated 2X CTAB solution in a water bath at 65°C was prepared. Leaf samples were ground in liquid nitrogen to a fine powder and then transferred to test tube; 15 mL CTAB was added, mixed gently, and incubated at 65°C for 30 min. Next 15 mL chloroform/isoamylalcohol (24:1) was added and centrifuged for 10 min at 2716 g. The supernatant was transferred to a new test tube and 0.6 vol. chilled propanol was added, and the tube centrifuged at 9000 rpm for 5 min. The pellet was washed with ethanol, and air dried, and dissolved in 500 µL d 3 H 2 O. This suspension was transferred to a microcentrifuge tube, 5 µL RNase was added and, the sample was incubated for 1 h at 37°C. An equal vol. chloroform/isoamylalcohol was added and centrifuged at 13,000 rpm for 10 min. The supernatant was placed in a new microcentrifuge tube and vol. 1/10th NaCl was added along with a double-volume chilled ethanol followed by centrifugation at 13,000 rpm for 10 min. The pellet was washed with 70% ethanol, and air dried, and dissolved in d 3 H 2 O.
DNA quantification
The genomic DNA concentration of mungbean germplasm was quantified using a spectrophotometer (CE 2021, Cecil Instruments, Cambridge, UK). The optical density of each sample was calculated by measuring the absorption at 260 nm. Three different dilutions (15, 20, and 25 ng/µL) from the stock DNA samples were prepared to optimize the DNA concentration for the best amplification.
Primer sequence of SCAR markers
Two SCAR markers linked with MYMVD were used, 1 reported in mungbean and other reported in blackgram, to amplify the genomic DNA in the varieties/lines selected after field screening (Table 2) Table 2 . Detail of SCAR primers along with their sequences used in this study.
PCR conditions for SCAR markers
The total reaction was performed in a volume of 20 µL. The 20-µL reaction mixture included 2 µL genomic DNA, 0.2 µL Taq DNA polymerase (MBI, Fermentas, Vinius, Lithuania), 2 µL 10X buffer, 1.6 µL MgCl 2 (2.5 mM), 6.4 µL dNTPs (0.4 mM), 1 µL of each primer (5 µM), and 5.8 µL d 3 H 2 O. PCR amplification was performed as follows; initial denaturation at 94°C (for 4 min), followed by 35 cycles of denaturation at 94°C for 30 s, primer annealing at 64°C for 1 min, extension at 72°C for 1 min, and a final extension at 72°C for 7 min.
RESULTS
Two SCAR markers were previously reported to be linked with the MYMVDresistance gene. Fifteen mungbean genotypes showing resistant, moderately resistant, moderately susceptible, and highly susceptible responses in the field screening were selected to evaluate whether contained the reported resistance gene or other which conferred resistance to MYMVD. Presence or absence of SCAR markers in diverse mungbean germplasm was investigated. Twelve genotypes showed amplification with both SCAR markers, indicating that they contained the MYMVD-resistance gene (Figures 1 and 2) . Three genotypes that were highly susceptible to MYMVD in the field screening also showed the same results and no amplification were observed in these 3 genotypes. SCAR markers were consistently present in all genotypes reported to be resistant and moderately resistant in the field-screening results and absent in all genotypes showing a highly susceptible response. Many commercial mungbean cultivars are susceptible to MYMVD; therefore, a marker closely linked with the MYMVD-resistance gene has increased. A resistance gene that can be transferred to cultivars with excellent potential yield by using the marker-assisted breeding would be beneficial. Breeding programs based on phenotypic and symptomatic analysis are very time consuming, while the use of molecular markers for resistance breeding is a more rapid process. Marker behavior was examined using marker validation and for associated polymorphisms present in genotypes with different genetic backgrounds (Gupta et al., 1999) .
The most important requirement for marker-assisted selection is the correct identification of a marker linked to a specific or desired trait and its efficiency for screening a large number of genotypes in a reproducible manner. Screening of mungbean genotypes was performed based on different DNA markers linked with the MYMVD-resistance gene, which have been reported in mungbean (Dhole and Reddy, 2013) and blackgram (Souframanien and Gopalakrishna, 2006) . A single recessive gene for MYMVD resistance has been reported in mungbean in several previous studies (Singh and Patel, 1977; Thakur et al., 1977; Reddy and Singh, 1995; Basak et al., 2004) . One SCAR marker was reported to be linked with the mungbean yellow mosaic virus-resistance gene in mungbean and the second was reported to be linked with mungbean yellow mosaic virus-resistance gene in blackgram. The SCAR marker (MYMVR-583) amplified a single band of 583 bp in all 12 genotypes reported to be resistant and moderately resistant, while no amplification was observed in highly susceptible genotypes. Therefore, the marker was considered to be a dominant marker for the recessive allele conferring resistance to MYMVD. Dhole and Reddy (2013) identified and used an SCAR marker (MYMVR-583) for mungbean screening against MYMVD; the results of the present study agreed with those of previous studies and SCAR primers produced bands of the same size as predicted. Similarly, a second SCAR marker (YMV1) amplified a band in resistant and moderately resistant genotypes and no fragment was observed in highly susceptible genotypes, indicating that they lack the resistance gene, causing highly susceptible response. Validation of SCAR markers showed positive results, and indicates consistent association of markers with the genotypes having resistant response in field, while, no amplified band was observed in three genotypes showing highly susceptible response in the field. These SCAR markers will increase the efficiency and accuracy in MYMVD-resistance breading programm and could be used in future breeding program for the development of mungbean yellow mosaic virus disease-resistance cultivars with high yield. 
